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(a) (b)
Figure 1. a) Relative location of the MATS and b) geotechnical investigation borehole and DSF

locations at the MATS.
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(a) (b)
Figure 2. a) Relative location of the SSATS and b) geotechnical investigation borehole and DSF
locations at the SSATS.
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Figure 3. a) Relative location of the TATS and b) geotechnical investigation borehole and DSF
locations at the TATS.



The AHTD geotechnical investigation method included the use of SPT (ASTM D1586
2012), that utilized a standard split-spoon sampler (1.18 inch diameter) at five-foot intervals, in
all types of soil. In rock, the rock quality designation (RQD) and recovery values were obtained
for the AHTD method. The UofA geotechnical investigation method included the use of 1) the
SPT that utilized a California sampler (2.4 inch diameter), in cohesionless soils, 2) the Osterberg
hydraulic fixed-piston Shelby tube sampler in soft to firm clay, 3) the Pitcher barrel Shelby tube
sampling in stiff to hard clay, and 4) unconfined compressive testing of rock samples. For one of
the UofA boreholes at each test site, samples were continuously retrieved, but for the other UofA
boreholes, samples were taken at every five-foot intervals. The MODOT sampling method
included the use of a 100-kN capacity five-channel (tip resistance, sleeve friction, pore pressure,
seismic, tilt) cone following ASTM D3441 (2012) testing procedures, in all soils.

The methods for determining the soil properties, based on the soil sampling and testing
methods, are presented in Table 1. For example, the blow count values were obtained by
following the procedures outlined in ASTM D1586 (2012) for the AHTD and UofA methods, or
were calculated from the CPT measurements (MODOT method) by using Equation 1. The total
unit weight and undrained shear strength values for cohesive soils and the total unit weight and
friction angle values for non-cohesive soils were correlated from Vanikar (1986) for the AHTD
method. The undrained shear strength and total unit weight values, as obtained from CPT
measurements (for the MODOT method), were calculated using Equations 2 and 3, respectively.
The undrained shear strength values (UofA method) were directly obtained from unconsolidated
undrained (UU) triaxial compression tests, as performed following the procedures outlined in
ASTM D2850 (2012). The total unit weight values for the Uof A method were calculated from

mass and volume measurements collected for trimmed sample of extruded soil sections that were



obtained from Shelby tubes (clay) or from mass and volume measurements obtained from
15.24cm long soil sections that were recovered from the California split spoon sampler (sand).

Table 1. Soil property determination method for various soil sampling and testing methods.

. Soil Sampling Method
Soil Property AHTD MODOT UofA
Corrected Blow Count Calculated' Calculated” Calculated”
Undrained Shear Strength Correlated’ Calculated’ Measured®
Total Unit Weight Correlated” Calculated’ Measured®

'Corrected for hammer efficiency

quuation 1 (originally in Robertson and Cabal [2012])
*Empirical equation from Race and Coffman (2013)
*Vanikar (1986)

*Equation 2 (originally in Robertson and Cabal [2012])
UU test

’Equation 3 (originally in Robertson and Cabal [2012])
*Based on diameter, length, and weight measurements

o

Ny = — (Robertson and Cabal 2012) Equation 1
8.5(1 - )
4.6
q, -0, .
c,(ksf)= N (Robertson and Cabal 2012) Equation 2
kt
;/—t =0.27 10g(R;) +0.36- log(z—’) +1.236 (Robertson and Cabal 2012) Equation 3

Within Equations 1 through 3, Ng is the energy corrected blow count, g, is the tip resistance, p,
is the atmospheric pressure, I is the soil behavior type index, c, is the undrained shear strength,
Oy 1s the vertical overburden pressure, Ny is a cone factor value (14 for this study), y; is the total
unit weight, vy, is the unit weight of water, and R; is the friction ratio.
Design Software Program/Equations

FB-Deep and SHAFT are two commercially available programs that are used to predict
the axial capacity and the load-movement response of DSF. The methods listed in the American

Association of State Highway and Transportation Officials (AASHTO) Load and Resistance
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Factor Design (LRFD) Bridge Design Specifications (AASHTO 2007) and in the Federal
Highway Administration (FHWA) report FHWA-NHI-10-016 (Brown et al. 2010) are utilized
within the FB-Deep and SHAFT programs. Specifically, FB-Deep (2012) is a software program
developed by the Bridge Software Institute at the University of Florida while the SHAFT (2012)
program was commercially released in 1987, by ENSOFT, Inc., under the direction of Dr.
Lymon C. Reese. Soil parameters such as soil type, blow count (N), total unit weight (yr), and
undrained shear strength (c,), as obtained or correlated from SPT or CPT data, may be utilized
within the FB-Deep program to predict the static axial capacity and load-movement response.
Likewise, the amount of axial movement, quantity of load, and the distribution of load along the
DSF are predicted using FB-Deep and SHAFT. Additionally, LRFD reduction factors for side
friction and tip resistance in each soil layer may be specified in the programs for each geostrata
layer. For completeness, the design steps and methodology that were utilized to perform the
aforementioned analyses for the Arkansas sites, by using FB-Deep and SHAFT, are further
described in detail in Bey (2014).
DSF Construction

At each test site, three DSF were constructed based on the designed length presented in
Table 2. The DSF at the SSATS were drilled by Aldrich Construction and poured by GCC
Midcontinent Concrete Company in July 2013, and were tested by GEI Consultants, Inc. (CSL)
and Loadtest, Inc. (BLC) in September 2013. The DSF at the TATS were drilled by McKinney
Drilling Company and poured by Razorback Concrete from October to December 2013, and
were tested by GEI Consultants, Inc. (CSL) and Loadtest, Inc. (BLC) in January 2014. The DSF
at the MATS were drilled by McKinney Drilling Company and poured by Select Concrete

Company in September to October 2014, and were tested by GEI Consultants, Inc. (CSL) and



Loadtest, Inc. (BLC) in October 2014. Further discussion of the construction of the DSF for the
SSATS and the TATS is presented in Bey (2014) and for the MATS is presented in Race (2015).

Table 2. Designed and as-constructed values for the DSF at the test sites.

Test DSF Design Design Parameters As-Constructed Parameters
Site  Designation Capacity Diameter (ft) Length (ft) Diameter (ft) Length (ft)
(Ton)
MATS  North 44t 4 91.5 43 91.5
Center 6ft 1303.7 6 72 6.2 72
South 4ft 4 91.5 4.5° 91.5
SSATS East 4ft 4 26 4 23
Center 6ft 1112.5 6 26 6 21
West 4ft 4 26 4 26
TATS North 4ft 4 86.5 4.1 87
Center 6ft 986.6 6 62 6.1 62
South 4ft 4 86.5 4.2° 86.5

‘Diameter value estimated from the concrete pour volumes
PPartial collapse in the side wall from 20 to 30 feet below the ground surface (no sonicaliper®
after collapse)
Resistance Factor Calibration

The calibration of resistance factor values for the alluvial and deltaic deposits within the
state of Arkansas was performed using the data from the aforementioned BLC tests that were
completed on the DSF at the MATS and the TATS. A load test database was created for the total
resistance from the BLC test data from the MATS and the TATS (Table 3). The predicted
resistance of the DSF was calculated at movement values of five percent of the diameter of the
respective DSF. The measured resistance values were interpolated to a movement value of five
percent of the diameter by using the equivalent top-down load-movement curve. Furthermore,

the mean and variance of the bias factor values were calculated for each combination of

geotechnical investigation method and design software program.





